We perform molecular dynamics simulations to investigate the effect of hydrogenation on the Poisson's ratio of graphene. It is found that the value for Poisson's ratio in graphene can be effectively tuned from positive to negative by varying the percentage of hydrogenation. Specifically, the Poisson's ratio decreases with the increase of the percentage of hydrogenation, and reaches a minimum value of -0.04 at the percentage of hydrogenation about 50%. The Poisson's ratio starts to increase with a further increase of the percentage of hydrogenation. The appearance of minimum negative Poisson's ratio in the hydrogenated graphene is attributed to the suppression of the hydrogenation-induced ripples during stretching of graphene. Our results demonstrate that hydrogenation is a valuable approach for the tuning of the Poisson's ratio from positive to negative in graphene. PACS numbers: 78.20.Bh, 
I. INTRODUCTION
Materials with negative Poisson's ratio (NPR) are allowed by the classical elasticity theory, which sets a range of −1 < ν < 0.5 for the Poisson's ratio in an isotropic threedimensional material.
1 These NPR Materials are termed as auxetic materials by Evans.
is one of such technique, 27,28 which leads to sp 2 -sp 3 hybridization of carbon atoms attached by hydrogen atoms. The reversibility of the hydrogenation process enables graphene to be a promising hydrogen storage material. 29 It has also been shown that the hydrogenation is useful for tuning various properties in graphene, such as the electronic band gap, 30, 31 magnetic properties, 32, 33 thermal conductivity, 34 mechanical properties, [35] [36] [37] and etc.
There are some first-principles calculations on the Poisson's ratio in graphane (the fully hydrogenated graphene), [38] [39] [40] [41] and a weak NPR phenomenon was obtained in one of the fully hydrogenated graphene structures. 38, 42 However, these first-principles calculations are based on small unit cells, so the effects from the hydrogenation-induced ripples 43 can not be included. Furthermore, these first-principles calculations are for fully hydrogenated graphene, while the dependence of the Poisson's ratio on the percentage of hydrogenation for partially hydrogenated graphene is still unclear, which will be the main focus of the present work.
In this paper, we investigate the Poisson's ratio for the hydrogenated graphene with 
II. STRUCTURE AND SIMULATION DETAILS
The configuration of hydrogenated graphene is shown in The formula of the hydrogenated graphene is CH for the fully hydrogenated graphene with p = 1.0, i.e., all carbon atoms are attached to one hydrogen atom. The hydrogenation is in the stable chairlike form as displayed in the central inset, where hydrogen atoms are bonded to carbon on both sides of graphene in an alternating manner. 27 We focus on this chairlike hydrogenation for graphene, as it is the most stable form with the lowest ground-state energy, although the other two hydrogenated structures are also thermodynamically accessible according to first-principles calculations. 38 For the partially hydrogenated graphene with hydrogenation percentage of p, we actually construct it in a reverse manner; i.e., the partially hydrogenated structure is obtained by randomly removing (1 − p) percentage of hydrogen atoms from the chairlike fully hydrogenated graphene. In this way, we can maintain the same chairlike hydrogenation style for all partially hydrogenated graphene, so that the computations and discussions for the hydrogenation effect can be self-consistent. In this way, the isotropic property of the chairlike hydrogenation can be well kept for any partially hydrogenated graphene.
Hydrogenation induces some ripples in graphene, which has been discussed in previous works. 43 There The carbon-carbon interactions are described by the second generation Brenner potential, 44 which has been widely used to study the mechanical response of graphene. 45 The structure is stretched in the x (armchair)-direction while graphene is allowed to be fully relaxed in the y (zigzag)-direction, using molecular dynamics simulations. Periodic boundary conditions are applied in both x and y-directions. Both edges in the x-direction are clamped during the stretching of graphene in the x-direction; i.e., carbon atoms in the edge regions at ±x ends are forbidden to move in the z-direction. The standard Newton equations of motion are integrated in time using the velocity Verlet algorithm with a time step of 1 fs.
Simulations are performed using the publicly available simulation code LAMMPS 46 , while the OVITO package is used for visualization 47 .
III. RESULTS AND DISCUSSIONS
The structure of the partially hydrogenated graphene in Fig. 1 looks similar as a crumpled sheet of paper with many ripples. Inspired by the fact that ripples in the crumpled paper will be suppressed by stretching, we first investigate the evolution of the amplitude for the ripple during the stretching of graphene in Fig. 3 . Indeed, similar as the crumpled paper, the amplitude of the hydrogenation-induced ripple decreases with the increase of the applied tensile strain, indicating a suppression of the ripples during the stretching process. Such suppression of ripples may result in the expansion of the hydrogenated graphene in the lateral direction by stretching it along the longitudinal direction, which is similar as the expansion of a crumpled sheet of paper during its tensile deformation process. That is the suppression of the ripples serves as an underlying mechanism for possible NPR in the hydrogenated graphene.
To calculate the Poisson's ratio, we show in to the Poisson's ratio value. We can differentiate separate contributions from these two effects. To do so, we perform artificial simulations with the z-coordinates for all atoms fixed, which effectively freezes the ripples during stretching. The ripple effect is excluded in these artificial simulations, while the doping effect on the Poisson's ratio is left. We thus get the Poisson's ratio that is solely affected by the doping effect (denoted by ν doping ). The Poisson's ratio corresponding to the ripple effect can be obtained by ν tot − ν doping , with ν tot as the actual (total) Poisson's ratio for the hydrogenated graphene with both effects considered.
These results are comparatively shown in Fig. 7 (a) . Obviously, the valley point for the
Poisson's ratio originates from the ripple effect. We also compare the percentage of the reduction in the Poisson's ratio (with reference to ν 0 ) contributed by the doping or ripple effects in Fig. 7 (b) , which clearly shows major contribution from the ripple effect.
Actually, doping is a chemical process, so it can affect the chemistry of the C-C bonds in graphene. As an evidence, the length of the C-C bond is 1.42Å in pure graphene, and the bond length is increased to 1.52Å by doping with -H in the fully hydrogenated graphene.
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The increase of bond length reflects that the C-C bond is weakened. 48 That is, the interaction between carbon atoms will be slightly weakened by hydrogen doping. In other words, the force constant K b for bond stretching is decreased, while the force constant for angle bending K θ is not affected. The Poisson's ratio for graphene is related to these two force constants as,
According to Eq. (1), the Poisson's ratio will be reduced by the decrease of the force constant K b . This is the underlying mechanism for the doping induced reduction of the Poisson's ratio found in the above. We also found that the ripple effect is to cause obvious reduction for the Poisson's ratio of graphene. There is an entropy mechanism underlying this effect.
More specifically, the flattening of the geometrical ripples due to stretching can reduce the phase space. The structure tries to expand in the unstretched direction for the purpose of minimizing entropy energy. The colorbar is with respective to the z-coordinate of each atom. 
